Introduction
Obstructive sleep apnea syndrome (OSAS) is the most common type of sleep disturbance affecting approximately 24% of middle aged men and 9% of middle aged women around the world. 1 It is characterized by repetitive episodes of complete or partial upper airway obstructions and pauses in breathing during sleep resulting in hypercapnia, hypoxemia, and hemodynamic, humoral, and neuroendocrine responses. It is reported that these responses can result in hypertension, cerebrovascular diseases and cardiovascular and ophthalmic morbidities. 2, 3 Ophthalmic morbidities are diverse, such as floppy eyelid syndrome, glaucoma and visual field defects, nonarteritic ischemic optic neuropathy and papilledema. 4, 5 Optical coherence tomography (OCT) is a noninvasive and noncontact medical imaging technique that provides high-resolution crosssectional images of the retina and optic nerve on the micron scale. Retinal nerve fiber layer (RNFL) loss and thinning in OSAS patients has been shown by OCT imaging in previous studies. 6, 7 RNFL thinning is thought to be the result of ischemia of the optic nerve.
One possible mechanism of ischemia is the increased intracranial pressure. 8, 9 Raised intracranial pressure causes increments of peripapillary RNFL thickness and total retinal thickness (TRT) and papilledema in acute phases. 10, 11 In previous studies, OSAS patients were screened by fundoscopic examinations, but no papilledema could be detected. 12, 13 The aim of the present study was to determine possible subclinical papilledema in OSAS patients by measuring both RNFL and TRT by OCT imaging.
Material and Methods
This study's protocol was approved by the institutional review board of the Dicle University
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TRT measurements could not demonstrate a possible subclinical papilledema. Thinning of RNFL thickness and TRT in OSAS patients could be the result of hypoxemia related chronic atrophy. Hospital and it was conducted in accordance with the principles of the Declaration of Helsinki. Informed consent was obtained from each patient and healthy subject. The patient group comprised 36 subjects with 70 eyes who were diagnosed with OSAS after a sleep study but had not yet received treatment. The healthy control group again comprised 36 subjects but with 72 eyes. Exclusion criteria for both groups were: previous ocular surgery or trauma, any opacity at the ocular media, which can cause difficulty at OCT imaging, refractive spherical errors more than 5D, cylindrical errors more than 3D, presence of optic disk changes such as glaucoma and optic atrophy, previous laser therapy, any other disease that can cause optic disk swelling, lung disease that results in hypoxemia such as chronic obstructive pulmonary disease, heavy smoking, and systemic metabolic diseases like diabetes and hypertension. Control subjects were also excluded if they had any snoring, daytime sleepiness or witnessed breath cessation at sleep. All the participants underwent ophthalmologic examinations including refractive error measurement and best corrected visual acuity, slitlamp biomicroscope examination, intraocular pressure measurement by Goldmann applanation tonometry and dilated fundus examination. OCT Scanning: Spectral domain OCT (Spectralis; Heidelberg Engineering, Heidelberg, Germany) was performed on both eyes of all participants by the same experienced technical ophthalmologic assistant. After centering the subject's papilla, the image was focused and scans were taken. A protocol ensured that the scans were obtained with an acceptable quality. At least three scans were obtained and the best quality version was chosen for the analysis. RNFL was bordered anteriorly by the internal limiting membrane and posteriorly by the end of the reflective layer ( Figure 1a ). It was measured in a circle scan centered on the optic nerve head. The software divided the scan into one central and six peripheral segments and calculated the average values. The segments were central, temporal (316°-45°), temporal superior (46°-90°), nasal superior (91°-135°), nasal (136°-225°), nasal inferior (226°-270°), and temporal inferior (271°-315°). TRT was bordered anteriorly by the internal limiting membrane and posteriorly by the retina pigment epithelium (Figure 1b) . The software measured RNFL thickness with the TRT on the same scan. We documented the TRT and RNFL thickness of the participants at four points; superior, temporal, nasal and inferior (90°, 0°, 180° and 270°, respectively). We also subtracted RNFL thickness from TRT at four points in order to find the thickness of the layers that are prone to swelling. 
Discussion
Optical atrophy and progressive thinning of RNFL in OSAS patients have been revealed in many previous studies (6, 7) . Initially, intraocular pressure instabilities were thought to be responsible for RNFL thinning and visual field defects (14, 15) . Later, RNFL thinning was also found in OSAS patients without any evident glaucoma. 16 Peripapillary and macular choroidal thicknesses were evaluated and increments were detected in both (17, 18) . These data suggested a different pathophysiology than glaucoma for the neurodegeneration in OSAS. Ischemia of the optic nerve in OSAS is thought to be the reason for the neurodegeneration. Basically, two possible mechanisms leading to ischemia are discussed: First is the autonomic instability causing nitric oxide/endothelin imbalance and abnormal vasodilation and vasoconstriction. The second is the increment of cerebrospinal fluid pressure because of raised systemic blood pressure and hypercapnia related cerebral vasodilation. Increased intracranial pressure results in papilledema and eventually optic neurodegeneration (8, 16) . Papilledema has been sought in OSAS patients by fundoscopic examinations and fundus photography but no papilledema could be detected (12, 13) . In one study, forty-one OSAS patients were screened by fundoscopic examination and two disk swellings were found but the study was based on screening glaucoma and no comment was made about disk swellings (4). Previously in intracranial hypertension cases, optic nerves were examined by OCT, and TRT measurements were found superior to RNFL measurements for monitoring subclinical papilledema (11, 19, 20) However, to the best of our knowledge, subclinical papilledema has not been screened by TRT measurements in OSAS patients before, so the current study is the first to report the TRT and RNFL values together in this condition.
We measured the RNFL thicknesses in seven segments. The values did not show any significant difference from the controls. RNFL thinning in OSAS patients is a result of optic neurodegeneration. Our study group comprised newly diagnosed patients so thinning of RNFL may not yet have occurred. Since RNFL thinning in OSAS patients occurs as a chronic process, moderate and severe subgroup values could be expected to be thinner than the mild groups. Despite this, the mild OSAS subgroup's RNFL superior segment, inferonasal segment and RNFL inferior point were found to be significantly thinner than the moderate and severe subgroups. Severe and moderate group OSAS patients may have worse hypoxemia and hypercapnia levels than the mild patients. Hypoxemia and hypercapnia can lead to more edematous thickening of RNFL which can falsely let us think there is less atrophy of RNFL in the severe group. TRT's were measured at four points. In the OSAS group, inferior and temporal TRTs were found to be thinner than the control group. Again, as with RNFL measurements, the mild OSAS subgroup's TRT inferior point was found to be significantly thinner than the moderate and severe subgroups. TRT includes RNFL and the other layers of the retina, so thinner inferior point TRT of the mild group could be the consequence of the thinner RNFL, or it could also be related to edematous thickening of TRT in the moderate and severe subgroups. In order to prevent this bias, at four points we subtracted RNFL thickness from TRT and compared the layers that are more prone to swelling. At the temporal point the OSAS group's TRT-RNFL was significantly thinner than the controls, but there was no statistically significant difference between the OSAS subgroups. This result contradicted the edematous thickening of TRT in the moderate and severe subgroups. In this study, our TRT and TRT-RNFL measurements could not determine subclinical papilledema. In a previous study, OSAS patients' RNFLs were measured twice a day at 8:00 am and 7:30 pm and in the severe OSAS group diurnal changes of thickness were found (21). RNFL thicknesses were found to be significantly higher in the morning. This swelling in the morning was attributed to hypoxia and optic nerve ischemia during night sleep. In our study, the measurements were not taken at a particular time of day. This practice could have hindered the detection of possible subclinical papilledema. Peripapillary choroidal thicknesses in OSAS patients were measured in a previous study and increments were reported at temporal and superotemporal segments (22). This increment was attributed to intracranial hypertension. In this study, we found temporal TRT and TRT-RNFL to be significantly thinner than the controls in the OSAS group. If temporal choroidal segments are affected and swell from rising intracranial hypertension, then atrophy of the overlying retinal segment can be expected. In our OSAS group, the time between the onset and the diagnosis could have resulted in thinning of the temporal retina.
In conclusion, the theory of increased intracranial pressure resulting in subclinical papilledema in OSAS was not demonstrated by TRT measurements. 
